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Introduction 
 
The Appoquinimink River Watershed drains approximately 30,200 acres (47 sq miles) in 
southern New Castle County.  More than half of the watershed is in active agricultural 
cultivation and less than nine percent of the watershed remains forested.  Most forested areas are 
located along the stream valleys, and very few large contiguous tracts of un-fragmented forest 
remain in the watershed.  Urbanized areas account for approximately 21 percent of the watershed 
and include Middletown, historic Odessa, and Townsend.  The remaining watershed area 
(approximately 17 percent) is open water and wetlands (Center for Watershed Protection 2005). 
 
The expansive tidal wetlands at the mouth of the Appoquinimink River in conjunction with the 
Blackbird River to the south represent one of the largest intact marsh systems in Delaware.  
These wetlands serve as important habitat for wildlife and waterfowl, spawning grounds for fish 
and other aquatic species, and passive recreation for local birdwatchers at the St. Austine 
Wildlife Area.  Most of the Appoquinimink watershed is on the 303(d) impaired list for either 
dissolved oxygen or nutrients (Center for Watershed Protection 2005). 
 
The upland portion of the watershed is generally flat, but steep slopes can be found associated 
with stream valleys in the headwaters. The majority of soils are well-drained, deep, and of 
medium-coarse texture (Center for Watershed Protection 2005). 
 
As development spreads south of the Chesapeake and Delaware Canal, the agricultural lands are 
rapidly converting into suburban residential uses.  Hydrologic changes resulting from the 
urbanization of agricultural lands is resulting in increased flooding, stream channel erosion, 
water quality degradation, and degradation of wetlands and the extensive tidal marsh areas in the 
watershed (Center for Watershed Protection 2005). 
 
Project Overview 
 
This report provides a brief summary of field studies conducted to monitor severe streambank 
erosion and assess tidal marsh impairment.  This work was part of a larger watershed planning 
effort to address and help to minimize the negative impacts to streams, water quality, and 
wetlands associated with the rapid development of the watershed.  The streambank erosion 
inventory monitored, and further assessed, areas of severe erosion identified by the Center for 
Watershed Protection during their 2005 baseline assessment.  The goal of the tidal marsh 
assessment was to identify indicators of impairment that can be used to monitor marsh health. 
 
Streambank Erosion Inventory 
 
A.D. Marble & Company conducted an inventory of severe streambank erosion to confirm 
previously identified reaches and to identify newly developing erosion problems.  The stream 
survey was conducted within the Appoquinimink Watershed during April and May of 2007.  The 
purpose of the survey was to identify any features or contributing factors of erosion within the 
watershed.  This information can be used to better manage the watershed and protect it from 
further erosion due to encroaching development and agricultural practices.  While conducting the 
inventory, A.D. Marble & Company made observations of other potential in-stream problems 
including evidence of upstream erosion (such as mid-channel sediment bars). 
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Site Selection 
 
The surveys consisted of 15 data points, selected along sections of watercourses, that 
have been previously identified as locations in need of repair, or have poor physical 
habitat quality by the baseline assessment conducted by the Center for Watershed 
Protection (2005).  Coordinates for these sites were estimated and input into a handheld 
Global Positioning System (GPS) receiver.  The GPS was used to navigate to the 
previously inventoried site.  The Streambank Erosion Inventory sites are shown on Figure 
1. 
 
Methodology 
 
As was done in the 2005 baseline assessment, the Center for Watershed Protection’s 
“Unified Stream Assessment” was used to evaluate the site conditions (Center for 
Watershed Protection 2004). The Severe Erosion Form (ER) was completed for 
comparison to the conditions found in 2005.  The Unified Stream Assessment ER form 
assesses information on localized nick points and banks where erosion greatly exceeds 
average reach conditions. This data can then be used to identify eroded banks, generate a 
list of potential stream repair practices, develop stream erosion metrics, and generate 
planning maps.  The data forms completed for this assessment can be found in Appendix 
A. 
 
In addition to the Unified Stream Assessment ER forms, an assessment of erosion 
hazards and erosion stresses was made in order to estimate the rate of bank erosion at 
each site.  The Bank Erosion Hazard Index (BEHI) and Near-Bank Stress (NBS) 
assessment developed by David Rosgen was used to estimate erosion rates (Rosgen 
2002a and Rosgen 2002b).  Rosgen’s BEHI uses multiple bank characteristics to 
determine the erosion risk or potential of a stream bank to erode. Rosgen’s NBS 
estimates potential energy distribution in the near bank area that may accelerate erosion.  
The field data forms are included in Appendix A.  The results of the BEHI/NBS were 
compared to the North Carolina Streambank Erodibility Rate curves to determine total 
bank erosion from the sites (Rosgen 2002b). 
 
In addition to the forms, general notes were recorded about the surrounding land-use at 
each data point.  These notes are recorded on the ER forms in Appendix A. 
 
Findings 
 
Results of the surveys showed that increased run-off from agriculture and residential 
development has lead to increased bed and bank erosion.  The 2007 ER results were 
generally consistent with those found in the 2005 assessment.  The area at Site 6 has been 
re-graded as part of a recent residential development and no BEHI/NBS measurements 
were obtained.  Site 9 was inaccessible at the time of the field assessment and no ER 
evaluation or BEHI/NBS measurements were taken.  At Site 15, no severe erosion was 
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observed and no BEHI/NBS data taken.  At Sites 10 and 12, the erosion appears to be due 
to the downcutting of the gulley-like channel and not stress directly on the banks.  
Photographs of each streambank erosion inventory site are included in Appendix B. 
 
The results of the BEHI/NBS assessment and streambank erosion estimate are presented 
in Table 1.  These findings show that a significant amount of sediment can be removed 
from relatively small reaches of eroded streambanks.  Excessive sedimentation is 
detrimental to aquatic and wetland systems in many ways.  Sediment pollution also plays 
a role in nutrient impairment because of the nutrients often adsorbed to the sediment 
particles. 
 
Table 1 – BEHI/NBS Assessment Results 

Site Total BEHI 
Score 

Total NBS 
Score 

Exposed Bank 
Area (height x 
Length) (ft2) 

Estimated 
Bank Erosion 

Rate (ft/yr) 

Total 
Erosion 
(ft3/yr) 

1 Extreme High 1,000 2.70 2,700 
2 Moderate High 396 0.25 99 
3 Moderate Very High 195 0.20 39 
4 Moderate High 15,000 0.17 255 
5 High Very High 300 0.40 120 
7 High Extreme 600 0.50 300 
8 High Low 320 0.10 32 
10 High Low 600 0.10 60 
11 Moderate High 66 0.16 11 
12 Very High Low 216 0.50 108 
13 Moderate High 140 0.16 22 
14 High High 270 0.26 70 
16 Moderate High 120 0.16 19 

 
Tidal Marsh Impairment Assessment 
 
A tidal wetland survey was conducted in October 2007 using Delaware’s “Rapid Assessment” 
(Jacobs 2006), and “Protocols for Performing Mid-Atlantic Tidal Fringe Wetland Assessment” 
(DNREC 2006).  The purpose of the survey was to compare “pristine” sections of tidal marsh 
with “impacted” sections to determine if any indicators of stress could be identified.  This 
information is to be used to better manage the watershed and protect it from impacts due to 
encroaching development and agricultural practices. 
 

Site Selection 
 
DNREC identified two tidal marsh sites based on the presence of a known disturbance or 
impairment and other two sites in an undisturbed area to serve as a benchmark for 
comparison.  The site locations were provided by DNREC on a watershed map.  The 
selected sites are shown on Figure 2. 
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Methodology 
 
The “Delaware Rapid Assessment” (Jacobs 2006) and “Mid-Atlantic Tidal Fringe 
Wetland Assessment” (DNREC 2006) were used for the study.  These methods use 
multiple sub-plots at each data-point to establish vegetation diversity, vegetative cover, 
water chemistry, and macro-invertebrate abundance.  Data sheets from the wetlands 
assessment are included in Appendix C.  Photographs taken at each sampling site are 
included in Appendix D. 
 
Because there was no stream channel associated with any of the sample sites selected, the 
use of the Environmental Protection Agency’s Rapid Bioassessment Protocols was 
inappropriate and not used. 
 
Findings 
 
Results of the survey failed to reveal any indicators that show impact to tidal wetlands.  
No evidence of increased populations of invasive plant species, decrease in macro-
invertebrate diversity, or decrease in water quality was observed for either “impacted” 
wetland.  There are several potential reasons for this: 1) the “pristine” wetlands used as 
the reference may be equally impaired; 2) the methodologies used may not be robust 
enough to pick up the differences; or 3) the sample size may have been too small to 
identify differences. 
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Appendix B 

Stream Site Photographs 



Appoquinimink Watershed Assessment B-1 
Newcastle County, Delaware 

 
 
Photograph 1:  Data Point 1. Upstream view facing east. 

 
 
Photograph 2:  Data Point 1. Downstream view facing west. 



Appoquinimink Watershed Assessment B-2 
Newcastle County, Delaware 

 
 
Photograph 3:  Data Point 1. Taken from Wiggins Mill Road. Stream 
overview facing south. 



Appoquinimink Watershed Assessment B-3 
Newcastle County, Delaware 

 
Photograph 4:  Data Point 2.  Downstream view facing north. 

 
 
Photograph 5:  Data Point 2. Upstream view facing south. 



Appoquinimink Watershed Assessment B-4 
Newcastle County, Delaware 

 
 
Photograph 6:  Data Point 3. Upstream view of the right bank. Facing 
north east. 

 
 
Photograph 7:  Data Point 3. Upstream view of the left bank.  Facing 
north east.  



Appoquinimink Watershed Assessment  B-5 
Newcastle County, Delaware 

 
 
Photograph 8:  Data Point 3. Downstream view of the left bank. Facing 
south west. 

 
 
Photograph 9:  Data Point 3. Downstream view of the right bank. Facing 
south east. 



Appoquinimink Watershed Assessment  B-6 
Newcastle County, Delaware 

 
 
Photograph 10:  Data Point 4. Downstream view. Facing north. 
 

 
 
Photograph 11:  Data Point 4. Upstream View. Facing south. 



Appoquinimink Watershed Assessment  B-7 
Newcastle County, Delaware 

 
 
Photograph 12:  Data Point 4. Upstream view of the left bank. Facing 
south. 

 
 
Photograph 13:  Data Point 4. Upstream view of right bank. Facing 
south. 

 



Appoquinimink Watershed Assessment  B-8 
Newcastle County, Delaware 

 
 
Photograph 14:  Data Point 5. Downstream view. Facing south. 

 
 
Photograph 15:  Data Point 5. Upstream view of the left bank. Facing 
north. 

 



Appoquinimink Watershed Assessment  B-9 
Newcastle County, Delaware 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Photograph 16:  Data Point 5. View of left bank. Facing northeast. 



Appoquinimink Watershed Assessment B-10 
Newcastle County, Delaware 

 

Photograph 17:  Data Point 6. View of outflows. Facing north 

 
 
Photograph 18:  Data Point 6. Overall outflow area. Facing south. 
 
 
 



Appoquinimink Watershed Assessment B-11 
Newcastle County, Delaware 

 
 
Photograph 19:  Data Point 6. Upstream of outflow. Facing north. 
 
 
 

 
 
Photograph 20:  Data Point 7. Downstream view. Facing south. 
 
 
 



Appoquinimink Watershed Assessment B-12 
Newcastle County, Delaware 

 
Photograph 21:  Data Point 7. Upstream view. Facing north. 
 
 
 

 
 
Photograph 22:  Data Point 7. View of left bank. Facing northeast. 
 
 
 



Appoquinimink Watershed Assessment B-13 
Newcastle County, Delaware 

 
Photograph 23:  Data Point 7. View of the right bank. Facing north. 
 
 
 

 
 
Photograph 24:  Data Point 7. View of left bank soil profile. Facing east. 
 
 



Appoquinimink Watershed Assessment B-14 
Newcastle County, Delaware 

 
 
Photograph 25:  Data Point 7. View of outfall from basin storm water. 
Facing east. 
 
 

 
 
Photograph 26:  Data Point 7. View of manhole cover. Facing east. 
 
 
 



Appoquinimink Watershed Assessment B-15 
Newcastle County, Delaware 

 

 
Photograph 27. Data Point 8. Downstream view. Facing south. 

 

Photograph 28:  Data Point 8. Upstream view. Facing north. 



Appoquinimink Watershed Assessment B-16 
Newcastle County, Delaware 

 
Photograph 29. Data Point 9. Downstream view. Facing south. 

 
Photograph 30:  Data Point 9. Upstream view. Facing north. 



Appoquinimink Watershed Assessment B-17 
Newcastle County, Delaware 

 
 
Photograph 31:  Data Point 9. View of heavy vegetation. Facing west. 

 
 
Photograph 32. Data Point 9. Heavy vegetation. Facing east. 
 
 
 



Appoquinimink Watershed Assessment B-18 
Newcastle County, Delaware 

 
Photograph 33:  Data Point 9. View of outfall pipe. Facing east. 

 
 
Photograph 34:  Data Point 10. View downstream. Facing north. 



Appoquinimink Watershed Assessment B-19 
Newcastle County, Delaware 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Photograph 35:  Data Point 10. View of upstream outfall. Facing south. 

 
 
 
 
 
 
 



Appoquinimink Watershed Assessment B-20 
Newcastle County, Delaware 

 
Photograph 36:  Data Point 11. View upstream. Facing east. 

 
 
Photograph 37:  Data Point 11. Downstream view. Facing northwest. 



Appoquinimink Watershed Assessment B-21 
Newcastle County, Delaware 

 
 
Photograph 38:  Data Point 12. Upstream spillway. Facing south. 

 
 
Photograph 39:  Data Point 12.  Downstream view of spillway. Facing 
north. 
 
 



Appoquinimink Watershed Assessment B-22 
Newcastle County, Delaware 

 
 
 
 
 
 
 

 
Photograph 40:  Data Point 12. Soil profile of right bank. Facing east. 

 



Appoquinimink Watershed Assessment B-23 
Newcastle County, Delaware 

 
Photograph 41:  Data Point 13. Downstream view. Facing west. 

 
 
Photograph 42:  Data Point 13. Upstream view. Facing east. 

 



Appoquinimink Watershed Assessment B-24 
Newcastle County, Delaware 

 
 
Photograph 43:  Data Point 13. View of right bank. Facing north. 
 

 
Photograph 44:  Data Point 13. View of left bank. Facing south. 
 
 



Appoquinimink Watershed Assessment B-25 
Newcastle County, Delaware 

 
 
Photograph 45:  Data Point 14. Upstream view. Facing north. 

 
 
Photograph 46:  Data Point 14. Downstream view. Facing south. 



Appoquinimink Watershed Assessment B-26 
Newcastle County, Delaware 

 
 
Photograph 47:  Data Point 14. View of right bank. Facing west. 

 
 
Photograph 48:  Data Point 14. View of left bank. Facing east. 



Appoquinimink Watershed Assessment B-27 
Newcastle County, Delaware 

 
 
Photograph 49:  Data Point 15. View facing north. 

 
 
Photograph 50:  Data Point 15. View facing east. 



Appoquinimink Watershed Assessment B-28 
Newcastle County, Delaware 

 
 
Photograph 51:  Data Point 15. View facing south. 

 
Photograph 52:  Data Point 15. View facing west. 



Appoquinimink Watershed Assessment B-29 
Newcastle County, Delaware 

 
 
Photograph 53:  Data Point 16. View facing north. 

 
 
Photograph 54:  Data Point 16. Downstream view. Facing east. 
 
 
 



Appoquinimink Watershed Assessment B-30 
Newcastle County, Delaware 

 
 
Photograph 55:  Data Point 16. Right bank view. Facing south. 

 
 
Photograph 56:  Data Point 16. Upstream view. Facing west. 

 



 

 

 

Appendix C 

Tidal Marsh Assessment Datasheets 



































 

 

 

Appendix D 

Wetland Site Photographs 



Appoquinimink Watershed Assessment D-1 
Newcastle County, Delaware 
 

 
 
Photograph 1:  View looking north from Data Point 1 (September 2007). 

 
 
Photograph 2:  View looking south from Data Point 1 (September 2007). 

 



Appoquinimink Watershed Assessment D-2 
Newcastle County, Delaware 
 

 
 
Photograph 3:  View looking east from Data Point 1 (September 2007). 

 
 
Photograph 4:  View looking west from Data Point 1 (September 2007). 



Appoquinimink Watershed Assessment D-3 
Newcastle County, Delaware 
 

 
 
Photograph 5:  View looking north from Data Point 2 (September 2007). 

 
 
Photograph 6:  View looking south from Data Point 2 (September 2007). 



Appoquinimink Watershed Assessment D-4 
Newcastle County, Delaware 
 

 
 
Photograph 7:  View looking east from Data Point 2 (September 2007). 

 
 
Photograph 8:  View looking west from Data Point 2 (September 2007). 



Appoquinimink Watershed Assessment D-5 
Newcastle County, Delaware 
 

 
 
Photograph 9:  View looking north from Data Point 3 (September 2007). 

 
 
Photograph 10:  View looking south from Data Point 3 
(September 2007). 



Appoquinimink Watershed Assessment D-6 
Newcastle County, Delaware 
 

 
 
Photograph 11:  View looking east from Data Point 3 (September 2007). 

 
 
Photograph 12:  View looking west from Data Point 3 (September 2007).



Appoquinimink Watershed Assessment D-7 
Newcastle County, Delaware 
 

 
 
Photograph 13:  View looking north from Data Point 4 
(September 2007). 

 
 
Photograph 14:  View looking south from Data Point 4 
(September 2007). 



Appoquinimink Watershed Assessment D-8 
Newcastle County, Delaware 
 

 
 
Photograph 15:  View looking east from Data Point 4 (September 2007). 

 
 
Photograph 16:  View looking west from Data Point 4 (September 2007).

 


